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[57] ABSTRACT 

The polymeric compound of this invention is represented by 
the following general formula (I): 

Y1 Y2 Y3 Y4 (1) 

wherein A represents a hydrogen atom or 

B represents a hydrogen atom or 

X2 
| 

each of X1 and X2 represents independently a hydrogen 
atom or a methyl group, each of m and n represents 
independen?y an integer of O to 14, each of p and q 
represents independently 0 or 1, and each of Y1, Y2, Y3, and 
Y4, represents independently a hydrogen atom or a ?uorine 
atom, with the proviso that both A and B are not hydrogen 
atoms, p is 0 when m is 0, and q is 0 when n is 0. The liquid 
crystal display element of this invention includes a pair of 
substrates oppositely disposed with a gap therebetween, and 
a liquid crystal layer placed in said gap, at least one of said 
substrates being transparent, and said liquid crystal layer 
having a liquid crystal region, and a polymer wall sur 
rounded by said liquid crystal region, wherein said liquid 
crystal layer includes a liquid crystal material, a polymeric 
polymer material, and the above-described polymeric com 
pound. The liquid crystal display element prepared from the 
polymeric compound of this invention does not cause dis 
clination lines, and has bright characteristics in the absence 
of an electric voltage. 

7 Claims, 6 Drawing Sheets 
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POLYMERIC COMPOUNDS, AND LIQUID 
CRYSTAL ELEMENT USING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to polymeric compounds 

which increase, in a liquid crystal display element compris 
ing a liquid crystal layer having a polymer wall and a liquid 
crystal region substantially surrounded by said polymer 
wall, the orientation restricting force of a liquid crystal 
material present in said liquid crystal regions in an interface 
between said liquid crystal material and said polymer wall, 
and also relates to a liquid crystal display element using the 
polymeric compound The liquid crystal display element of 
this invention can be utilized for personal display devices 
such as word processors, personal computers, and the like. 
The liquid crystal display element can also be utilized in 
devices used by a number of people such as portable 
information end devices, and the like. 

2. Description of the Related Art 
Liquid crystal display elements using a liquid crystal mate 

rial and a polymer material 
(1) Japanese Laid-open National Patent Publication No. 

58-501631 discloses a polymer dispersed liquid crystal 
display element which comprises a polymer material and a 
liquid crystal material encapsulated by the polymer material 
which displays the scattering state of an incident light by the 
refractive index di?erence between the liquid crystal mate 
rial and the polymer material, and also displays the trans 
parent state by the variation of the refractive index of the 
liquid crystal material with the impression of an electric 
voltage. 

Japanese Laid-open National Patent Publication No. 
61-502128 discloses a liquid crystal display element com 
prising a liquid crystal layer in which the phases of the liquid 
crystal material and the cured resin are three-dimensionally 
separated by irradiating a mixture of the liquid crystal 
material and the photocurable resin with ultraviolet ray. 
These elements are basically liquid crystal display ele 

ments which control electrically the scattering-transparency 
variation of an incident light in the liquid crystal layer. 

(2) Japanese Laid-open Patent Publication No. 1-269922 
discloses a technique for preparing liquid crystal regions 
with di?erent characteristics by ?rst exposing to ultraviolet 
ray a liquid crystal layer comprising a photocurable resin 

, and a liquid crystal material through a photo-mask. and 
further irradiating it with ultraviolet ray after remove the 
photo-mask. The element thus obtained is basically a scat 
tering type element. 

Japanese Laid-open Patent Publication No. 5-257135 
discloses an element comprising a liquid crystal layer 
obtained by oppositely placing a substrate equipped with an 
alignment ?lm having an orientation restricting force 
through a pair of gaps. injecting a mixture of a liquid crystal 
material and a photocurable resin into the gaps, and then 
irradiating the mixture with ultraviolet rays through a photo 
mask disposed on the surface of said substrate. Since the 
inner portion of the liquid crystal layer in which the photo 
mask is disposed has different threshold values and diiferent 
optical characteristics obtained from the impression of an 
electric voltage from those of the outer portion of the liquid 
crystal layer. the element is a static driving element in which 
the pixel patterns are varied due to the electric voltage. 
The principal behind the improvement of the viewing angle 

characteristics of a liquid crystal display element 
In order to improve the viewing angle characteristics of a 

liquid crystal display element. it is necessary to orient each 
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2 
of the liquid crystal molecule toward three or more different 
directions inside the pixels (liquid crystal regions). If each of 
the liquid crystal molecules inside the liquid crystal layer is 
oriented in three or more di?erent directions, the apparent 
refractive index of each of the liquid crystal molecules is 
averaged in the gray scale state when viewing the pixels 
from both A and B directions as described in FIG. 1B. In 
other words, the contrast of the display element is substan 
tially identical from both A and B directions. Therefore, the 
viewing angle characteristics of the element having such an 
orientation state of the liquid crystal as shown in FIG. 1B are 
improved, compared to those of the element having a TN 
mode shown in FIG. 2B. 
Speci?c examples of the elements having a wide viewing 

angle mode 
(1) Japanese Laid-open Patent Publications Nos. 

4-338923 and 4-212928 disclose a wide viewing angle mode 
comprising a combination of the aforementioned polymer 
dispersed liquid crystal element and polarizing plates, which 
are attached to both surfaces of the element such that each 
of the polarization axes of the plates are at a right angle to 
each other. 

(2) As a method for improving the viewing angle char 
acteristics of a non-scattering type liquid crystal display 
element using a polarizer, Japanese Laid-open Patent Pub 
lication No. 5-27242 discloses a method for preparing a 
composite material of a liquid crystal and a polymer from a 
mixture of the liquid crystal and a photocurable resin by the 
phase separation. According to this method, the orientation 
of the liquid crystal domains becomes random due to the 
polymer thus prepared. Therefore, because the liquid crystal 
molecules are oriented in different directions in each domain 
at the time of impressing an electric voltage, the apparent 
refractive iridices viewed from each direction are substan 
tially identical, and the viewing angle characteristics are 
improved in the gray scale state. 

(3) In recent years, the present inventors have proposed a 
liquid crystal display element comprising a liquid crystal 
region in which the liquid crystal molecules are omnidirec 
tionally (spirally) oriented in the portions where a photo 
mask is present, and a polymer wall which consists mainly 
of a photocurable resin in the other portions. The liquid 
crystal region and polymer wall are formed by irradiating 
through the photo-mask a cell having a liquid crystal com 
position comprising the photocurable resin and the liquid 
crystal material. When the liquid crystal molecules of the 
liquid crystal display element are controlled by an electric 
voltage, the spiral orientation of the liquid crystal molecules 
will act as if an umbrella opened and closed to improve 
signi?cantly the viewing angle characteristics. 

In the interface between the polymer wall and the liquid 
crystal material of the element described in (3), disclination 
lines are generated due to the reverse tilt of the liquid crystal 
molecules at the time of impressing an electric voltage. 
Since the disclination lines are displayed as bright lines, the 
viewing angle characteristics of the element are deteriorated, 
when the display state is in a black state. 
The prevent inventors have found that the addition of a 

polymeric compound to a mixture of the liquid crystal 
material and the photocurable resin in order to prevents the 
generation of the disclination lines in these elements. 
However. because the addition of the conventional poly 
meric compounds enlarges the pretilt angle of the liquid 
crystal material in the liquid crystal regions, the brightness 
of the element is reduced in the absence of an electric 
voltage. 
The present inventors have eagerly examined the rela 

tionship between the structure of the polymeric compounds 
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and the orientation of the liquid crystal molecules in the 
interface between the liquid crystal material and the polymer 
wall. and found a compound from which a liquid crystal 
display element is obtained generating no disclination lines 
and also having bright characteristics in the absence of an 
electric voltage. 

SUIVHVIARY OF THE INVENTION 

The polymeric compound of this invention is represented 
by the following general formula (I): 

wherein A represents a hydrogen atom or 

X1 

B represents a hydrogen atom or 

each of X1 and X2 represents independently a hydrogen 
atom or a methyl group, each of m and n represents 
independently an integer of 0 to 14, each of p and q 
represents independently O or 1, and each of Y1, Y2, Y3, and 
Y4 represents independently a hydrogen atom or a ?uorine 
atom, with the proviso that both A and B are not hydrogen 
atoms, p is 0 when m is 0, and q is 0 when n is 0. 

In a preferred embodiment, in the general formula (I) A 
represents: 

and B represents: 

In a preferred embodiment, in the general formula (I) 
either A or B represents a hydrogen atom. 

In a preferred embodiment, in the general formula (I) A 
represents a hydrogen atom or: 

X1 

and B represents a hydrogen atom or: 

In a preferred embodiment. in general formula (I) both p 
and q represent 1. 

In a preferred embodiment, in the general formula (I) A 
represents: 
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and B represents a hydrogen atom. Alternatively, represents 
a hydrogen atom and B represents: 

In a preferred embodiment, in the general formula (I) at 
least one selected from the group consisting of Y1, Y2, Y3 
and Y4 is a ?uorine atom. 
The liquid crystal display element of this invention com 

prises a pair of substrates oppositely disposed through a gap, 
and a liquid crystal layer placed in the gap. At least one of 
the substrates is transparent, and the liquid crystal layer 
includes a liquid crystal region, and a polymer wall sur 
rounding the liquid crystal region, wherein the liquid crystal 
layer includes a liquid crystal material, a polymeric polymer 
material, and the above-described polymeric compound 

In a preferred embodiment, the liquid crystal region 
includes liquid crystal molecules. and the orientation of the 
liquid crystal molecules is either random, radial, concentric 
or spiral. 

In a preferred embodiment, an alignment ?lm is placed on 
the substrates. 

In a preferred embodiment, the liquid crystal region 
includes liquid crystal molecules, and the orientation of the 
liquid crystal molecules is TN, STN. ECB or FLC. 

In a preferred embodiment, the polymeric polymer mate 
rial is a photocurable resin. 

In a preferred embodiment, the polymeric compound is 
represented by the general formula (I), wherein either A or 
B represents a hydrogen atom. 

In a preferred embodiment, the polymeric compound is 
represented by the general formula (I), wherein Arepresents: 

and B represents: 

X2 
I 

When a display mode utilizing an orientation restricting 
force on the substrate is prepared from a mixture of a liquid 
crystal material and a polymeric polymer material such as a 
photocurable resin, the orientation restricting force of the 
alignment ?lm to the liquid crystal molecules generally 
tends to be weakened due to the formation of a polymer 
layer consisting of the polymeric polymer material between 
the alignment ?lm and the liquid crystal region. However, 
when the polymeric compound of this invention is contained 
in the polymer layer, an ability of transferring the orientation 
restricting force of the alignment ?lm to the liquid crystal 
molecules inside the liquid crystal regions is also created in 
the polymer layer to stabilize the orientation of the liquid 
crystal molecules, due to the presence of a material having 
a structure similar to the liquid crystal material in the 
polymer layer. 
When the liquid crystal molecules present inside the 

liquid crystal region are oriented symmetrical with respect to 
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the axis (an axis which is at a right angle to the surface of 
the substrate), disclination lines are normally generated on 
the periphery of the liquid crystal region due to the reverse 
tilt (See, FIGS. 2A-2C) at the time of impressing an electric 
voltage. However, because the addition of the polymeric 
compound of this invention results in the generation of the 
pretilt of the liquid crystal molecules on the substrate, the 
generation of the disclination lines is controlled at the time 
of impressing an electric voltage which deteriorate the black 
display level. Thus, the contrast of the display element is 
dramatically improved 

Therefore, the invention described herein makes possible 
the advantages of providing a liquid crystal display element 
which has the following effects. 

(1) Since the liquid crystal regions are surrounded by the 
polymer wall. the gap is maintained between both substrates 
by the polymer wall. Therefore, it is possible to control the 
deformation of the liquid crystal display element against an 
external force, especially to control the variation of its color 
which results when the sm'face of the element is pressed by 
a pen. 

(2) The conventional large screen liquid crystal display 
elements which are placed vertically have different thick 
nesses in the upper and lower portions due to the presence 
of gravity. This causes the unevenness of the display. 
However, because the substrates of the liquid crystal display 
element of this invention are attached throughout the whole 
surface of the element, the thickness of the cell is not often 
varied. 

(3) It is possible to make the orientation of the liquid 
crystal molecules in the liquid crystal regions random, 
concentric, radial or spiral by utilizing effectively the phase 
separation between the liquid crystal material and the poly 
mer wall consisting mainly of the polymeric polymer mate 
rials at the time of curing the liquid crystal composition. 
Since the liquid crystal of the liquid crystal regions is 
oriented symmetrically to the axis, the liquid crystal display 
element thus obtained has excellent viewing angle charac 
teristics. 

(4) It is possible to strengthen the orientation restricting 
force in the interface between the liquid crystal material and 
the polymer layer by using the polymeric compound of this 
invention. 

(5) The liquid crystal display element of this invention is 
suitable for personal display devices such as word 
processors, personal computers, and the like; and devices 
used by a number of people (especially, those used on a desk 
surrounded by 2-4 people) such as portable information end 
devices, and the like. 
These and other advantages of the present invention will 

become apparent to those skilled in the art upon reading and 
understanding the following detailed description With refer 
ence to the accompanying Figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A-1C illustrate an enlarged view showing the 
liquid crystal region of the liquid crystal display element of 
this invention; 

FIGS. ZA-ZC illustrate a diagram showing the viewing 
angle characteristics of a ‘TN mode element; 

FIG. 3 is a diagram showing the generation of the 
disclination lines at the time of impressing an electric 
voltage; 

FIG. 4 is an enlarged diagram showing the liquid crystal 
region using a bifunctional polymeric compound; 

FIG. 5 is a diagram of the photo-mask used in Example 
9; 
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6 
FIG. 6 is an enlarged diagram of the cell prepared in 

Example 9; 
FIGS. 7A—7F are a series of graphs showing the elec 

trooptical characteristics (viewing angle characteristics) of 
the element prepared in Example 9; and 

FIGS. 8A-8F are a series of graphs showing the elec 
trooptical characteristics (viewing angle characteristics) of a 
TN mode element. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The polymeric compound of this invention has a func 
tional group reactive with a polymeric polymer material, 
including monofunctional polymeric compounds and poly 
functional polymeric compounds. 

1. The Monofunctional Polymeric Compounds 

A. Structure 

The monofunctional polymeric compound is a compound 
in which one polymeric functional group is present in its 
molecule and bonded to a mesogen group having liquid 
crystal properties. 

B. Effects 
The following illustrate the effects attained by the use of 

the polymeric compound. 
When a display mode utilizing an orientation restricting 

force on the substrate is prepared from a mixture of a liquid 
crystal material and a polymeric polymer material such as a 
photocurable resin, the orientation restricting force of the 
alignment ?lm to the liquid crystal molecules generally 
tends to be weakened due to the formation of a polymer 
layer consisting of the polymeric polymer material between 
the alignment ?lm and the liquid crystal region. However, 
when the polymeric compound of this invention is contained 
in the polymer layer, an ability to transfer the orientation 
restricting force of the alignment ?lm to the liquid crystal 
molecules inside the liquid crystal region is also created in 
the polymer layer to stabilize the orientation of the liquid 
crystal molecules. This is due to the presence of a material 
having a structure similar to the liquid crystal material in the 
polymer layer. ' 

When the liquid crystal molecules present inside the 
liquid crystal region are oriented symmetrical with respect to 
the axis (the axis X which is shown in FIG. 1A and is at a 
right angle of the surface of the substrate), the disclination 
lines (1 are normally generated on the periphery of the liquid 
crystal region due to the reverse tilt (See, FIG. 3) at the time 
of impressing an electric voltage. However, because the 
addition of the polymeric compound of this invention results 
in the generation of the pretilt of the liquid crystal molecules 
on the substrate, the generation of the disclination lines is 
controlled at the time of impressing an electric voltage 
(which is estimated to be due to the fact that the liquid 
crystal molecules are oriented nearly at a right angle at the 
time of impressing the electric voltage). 

C. The in?uence derived from the variation of the chain 
length of the linking groups in the polymeric compound 
The numbers, n and m of the linking groups, —(CH2)m— 

or —(CH2),,— which connect the mesogen group to the 
polymeric functional group may in?uence the viewing angle 
characteristics of the liquid crystal display element thus 
prepared. 

In the above formula, m and n are 0 to 14, respectively. 
Preferably, m and n are 0 or 3 to 14 and more preferably 4 
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to 7, respectively. If both In and n are 2. the polymeric 
compound is too reactive to be practical. If both In and n 
exceed 14, the mesogen portions appear on the surfaces of 
the polymer wall and the polymer layer so that the response 
speed is reduced, which is estimated to be due to the fact that 
the mesogen groups are oriented in the same manner as the 
liquid crystal molecules. The longer the chain length of the 
linking groups is. the smaller the amount of the polymeric 
compound required to obtain an effect on controlling the 
disclination lines. However, at the same time, the pretilt 
angle is enlarged to reduce the transmittance of the cell. 
Thus, it is necessary to select the amounts added and types 
of the polymeric compound so as to control the disclination 
lines and also prevent the pretilt angle from enlarging. 

D. The effects of the ?uorination of the polymeric com 
pound on the viewing angle characteristics of the element 

There will be the following problems (a)—(d) arising in an 
element comprising a liquid crystal layer having a liquid 
crystal region and a polymer wall surrounding the liquid 
crystal region. the liquid crystal region and the polymer wall 
being formed by the phase separation of a mixture of a liquid 
crystal material and a polymeric polymer material by the 
polymerization reaction. 

Problems Estimated Causes 

(a) Slow response speed—The dissolution of the polymer 
material, monomers in the liquid crystal; 

(b) The generation of hysteresis-The strong anchoring 
strength of the liquid crystal molecules to the polymer wall; 

(c) High driving voltage—The same as above item (b) 
(d) The leakage of the light at the time of impressing a 

saturation voltage-The dissolution of the liquid crystal 
molecules in the polymer layer inside the liquid crystal 
region. and the strong anchoring strength of the liquid 
crystal molecules to the polymer wall. 
The causes of the above-described problems are due to the 

strong anchoring strength of the liquid crystal molecules to 
the polymer wall, as well as the good compatibility between 
the polymer material and the liquid crystal material. Both of 
these problems may be solved by the use of a ?uon'nated 
polymeric compound. Since the ?uorinated polymeric com 
pound is expected to appear on the surfaces of the polymer 
wall and the polymer layer, the orientation of the liquid 
crystal may be stabilized. 

2. The Polyfunctional Polymeric Compounds 

A. Structure 

The polyfunctional polymeric compound is a compound 
in which a plurality of the polymerizable functional groups 
are bounded to the mesogen group having liquid crystal 
properties. The number of the functional groups is prefer 
ably 2. If it is 3 or more, the polymer wall is formed before 
the liquid crystal region is largely developed due to the fact 
that the gelation speed of the liquid crystal material becomes 
faster. and therefore the transmittance of the liquid crystal 
display element thus prepared is reduced in the absence of 
an electric voltage. 

The numbers. n and m. of the linking groups -—(CH2)m— 
or —(CH2),,— which connect the above-described mesogen 
group to the polymeric functional group are the same as 
those for the above-described monofunctional polymeric 
compound. but are preferably 12 or less. If they exceed 12, 
the solubility of the polymeric compound in the liquid 
crystal material is reduced. 
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8 
B. Effects 

Like the monofunctional polymeric compound, the poly 
functional polymeric compound has an etfect on stabilizing 
the orientation of the liquid crystal molecules. Moreover. 
with respect to the generation of disclination lines, the 
polyfunctional polymeric compound provides an observed 
image which has a region having a smaller amount of 
twisting, as is shown in FIG. 4, than obtained by the use of 
the monofunctional polymeric compound, and generates no 
disclination lines at the time of impressing an electric 
voltage. 
The use of a ?uoridized polyfunctional polymeric com 

pound provides the same effects as those of the monofunc 
tional polymeric compound In this case, the site which is 
?uoridized may be located on the carbon inside the mesogen 
backbone. 

3. Retardation: d . An, dzThickness of the Liquid 
Crystal Layer, An :Birefringence 

Since the liquid crystal molecules are nearly upright to the 
substrate (when Ae>0) in the liquid crystal display element 
of this invention having a polarizer at the time of impressing 
a saturation voltage, (1) the polarizer has viewing angle 
characteristics, and (2) the liquid crystal layer has retarda 
tion of d . An. Therefore, there is a region having poor 
viewing angle characteristics in the direction of 45° from the 
polarization axis of the polarizer. 
The cause of the above-described problem (2) is that light 

entering from the polarization direction of the polarizer has 
either an ordinary ray only or an extraordinary ray only in 
crossing the refractive index ellipsoid of the liquid crystal 
layer, and incident light entered in the direction of 45° from 
the polarization axis of the polarizer has both an ordinary ray 
and an extraordinary ray in crossing the refractive index 
ellipsoid of the liquid crystal layer. This causes leakage of 
the light due to the generation of elliptic polarization. Thus, 
it is preferred that the retardation of the liquid crystal layer 
be as small as possible so that the elliptic polarization is not 
easily produced. However, because the transmittance To in 
the absence of an electric voltage is in?uenced by the 
retardation of the liquid crystal layer, it is preferred in view 
of ensuring the omnidirectional properties of the viewing 
angle characteristics and the brightness of the cell that the 
retardation of the liquid crystal layer be 300 nm to 650 run. 
If the retardation is less than 300 nm, the cell shows a dark 
display due to the lack of the brightness in the absence of an 
electric voltage. It is preferred that the twist angle be 45° to 
150°, and especially be in the neighborhood of 90° which 
satis?es the ?rst minimum conditions because the cell has 
the highest brightness at this angle. 

4. Liquid Crystal Display Elements 

The liquid crystal display element of this invention com 
prises two substrates la and 1b, both of which are oppositely 
placed with a gap therebetween, and a liquid crystal layer 2 
placed inside the gap, as shown in FIG. 1. At least one of the 
two substrates 1a and lb may be transparent. The liquid 
crystal layer 2 has a number of liquid crystal regions 20. and 
a polymer wall 21 surrounding the liquid crystal regions 20. 
An exemlary. liquid crystal display element is prepared as 
follows. 

'Iwo substrates in which transparent electrodes are pro 
vided are placed with a gap therebetween by the use of a 
spacer to form a cell. On one side of the cell, a photo-mask 
3 is disposed as shown in FIG. 5. A liquid crystal compo 
sition containing a liquid crystal material, a polymeric 
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polymer material, and at least one of the above-described 
polymeric compounds is injected into the cell. Then, the cell 
is irradiated with ultraviolet ray on the photo-mask side 
while impressing an electric voltage between the transparent 
electrodes. The polymeric polymer material and polymeric 5 
compounds in the liquid crystal composition in the cell are 
polymerized and cured by the irradiation of the ultraviolet 
ray. In the process of the polymerization, the phases of the 
liquid rrystal material and the polymeric polymer material in 
the liquid crystal composition are separated to form liquid 
crystal regions 20 surrounded by polymer walls consisting 
of the polymeric polymer material and the polymeric com 
pounds in portions 30 which correspond to the above 
described photo-mask, as shown in FIG. 6. 

Polymeric polymer materials which can be used in the 15 
above-described display element include known polymeriz 
able resins which are preferably photocurable resins. 
These photocurable resins include, for example, acrylic 

acids and acrylates having a long chain alkyl group of 3 or 
more carbons or a benzene ring, including isobutyl acrylate, 
stearyl acrylate, lauryl acrylate, isoamyl acrylate, n-butyl 
methacrylate, n-lauryl methacrylate. tridecyl methacrylate, 
2-ethylhexyl acrylate, n-stearyl methacrylate. cyclohexyl 
methacrylate, benzyl methacrylate, 2-phenoxyethyl 
methacrylate, isobornyl acrylate. isobornyl methacrylate, 
and the like. The photocurable resins also include polyfunc 
tional resins to increase the physical strength of the polymer 
material such as bisphenol A dimethacrylate, bisphenol A 
diacrylate. 1,4-butanediol dimethacrylate, 1,6-hexanediol 
dimethacrylate, trimethylolpropane trimethacrylate, trim 
ethylolpropane triacrylate, tetramethylolmethane 
tetracrylate, neopentyl diacrylate, and the like. 

Br 

(1) 

(2) 

20 

25 

10 
5. Driving Methods 

The liquid crystal display element thus prepared may be 
driven by a driving method such as simple matrix driving 
and active driving method including for example a-Si TFI‘, 
p-Si TF1‘, MlM, and the like, but the driving method is not 
particularly limited in the present invention. 

6. Substrate Materials 

The substrate materials that can be used in the present 
invention include glass plates, plastic plates, and the like 
which are made from transparent solids, and substrates with 
a thin metal ?lm, Si substrates, and the like which are made 
from non-transparent solids. The substrates with a thin metal 
?lm are e?’ective for a re?ection type liquid crystal display 
element. 
The plastic substrate is preferably made from a material 

which does not absorb visible light, including for example 
PEI‘, acrylic polymers, polystyrenes, polycarbonates, and 
the like. Also, when the plastic substrate is used, the polar 
ization ability may be imparted to the substrate itself. 

Moreover, a laminated substrate made by combining two 
types of different substrates, or a laminated substrate made 
by combining two substrates of either the same or di?erent 
types having different thicknesses may also be used. 
The following illustrate the outline of a method for 

synthesizing the above-described polymeric compound. The 
following synthesis routes are illustrative examples, and the 
present invention is not limited to these examples. 

7. Synthesis Routes 
Synthesis route 1: The compound represented by the 

general formula (I); 

OH 
(4) 

e MOM-Cl 
(6) Br OH 

(4) 
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-continued 
Y1 Y2 

Y3 Y4 
<___ MOM-Cl 

—HO Br (6) 
(3) O--MOM 

(13) Y3 Y‘ 

e H0(cH2)mBr B O —MOM 
(8) (14) 

Y1 Y2 Y3 Y4 \/ ‘ 
PIQ O _ 

CHz=C--COC1 HO<CH2>mO Br (H )2B O MOM 

(7) 16 
l > ( ) (15) 

3'51 
e CH2=C—COC1 

(7) 

\/ Y1 Y2 

361 
CH2=C—c0O(cH2)m(O)P B’- 9 

(17) 
V 

Y1 Y2 Y3 Y4 

ilil 
CHZ=C—CCOO(CHZ)I1:(O)P O_MOM 

(18) 

Y1 Y2 Y3 Y4 

)IQ 
cH2=c —-cOO(cH2)m(O)P OH 

(19) 
X2 X2 

(8) (12) 

(1) 

(Note) The symbol, MOM indicates CH3OCH2— group 

Synthesis route 2: The compound represented by the 
general formula (I). wherein A and B are the same group; 

HO Br 

(3) 
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-continued 
Y1 Y2 

MOM-O Br 

Y Y 
(20) 3 4 

Q_ (110),}; o —MOM 

(15) 
Y1 Y2 Y3 Y4 

MOM-O O —MOM 

(21) 

Y1 Y2 Y3 Y4 

HO OH 

X1 X1 
(22) | | 
e CHz=C—-COC1 or CH;=C—CO0(CH2),,.Br 

(7) (11) 

Y1 Y2 Y3 Y4 

(1) 

Synthesis route 3: The compound represented by the _continued 
general formula (I), wherein eitherAorB is hydrogen atom; 40 Y1 Y2 Y3 Y4 

Y1 Y2 
OH 

Br 45 (24) 
(1) X2 X2 

Y3 Y4 ' 

e cH2=c —c0c1 0r CH2=C —CO0(CH2),,Br 

<—— (110),}; O-MOM 50 (8) (12) 

(15) Y1 Y2 Y3 Y4, 

3|(2 
Y1 Y2 Y3 Y4 (O)q(CH2),,OCO—C=CH2 

55 

O-MOM (I) 

(23) 
60 

Synthesis route 4: The synthesis of the intermediate 
compound; 
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The following outline the synthesis routes 1-4. 
Synthesis route 1 
The compounds represented by the general formulae (1), 

(4), (5). (6). (7) and (8) are commercially available. Also. the 
compound represented by the general formula (3), where 
each of Y1 and Y2 is a hydrogen atom or a ?uorine atom is 
also commercially available. 
The compound represented by the general formula (1) is 

reacted with C4H9Li and thereafter with B(OCH3)3, and 
hydrolyzed to obtain the compound represented by the 
general formula (2) which is then oxidized using hydrogen 
peroxide to obtain the compound represented by the general 
formula (3). 
The compound represented by the general formula (3) is 

etheri?ed with the compound represented by the general 
formula (8) to obtain the compound represented by the 
general formula (16) which is then esteri?ed with the 
compound represented by the general formula (7), or the 
compound represented by the general formula (3) is directly 
esteri?ed with the compound represented by the general 
formula (7) to obtain the compound represented by the 
general formula (17). 
The compound represented by the general formula (4) is 

etheri?ed with methoxymethyl chloride (MOM-Cl) to 
obtain the compound represented by the general formula 
(13) which is then reacted with C4H9Li and thereafter with 
B(OCH3)3, and hydrolyzed to obtain the compound repre 
sented by the general formula (15). Also, the compound 
represented by the general formula (5) is etheri?ed with 
MOM-Cl to obtain the compound represented by the general 
formula (14) which is then reacted with magnesium (Mg) to 
form a Giignard reagent. The compound represented by the 
general formula (15) may also be obtained by reacting the 
Grignard reagent with B(OCH3)3. 
The compound represented by the general formula (17) 

which is obtained by the above-described procedure is 
coupled with the compound represented by the general 
formula (15) in the presence of a palladium (Pd) catalyst to 
obtain the compound represented by the general formula 
(18). 
The methoxymethyl (MOM) group of the compound 

represented by the general formula (18) is eliminated under 
the acidic conditions to obtain the compound represented by 
the general formula (19) which is then esteri?ed or etheri?ed 
with the compound represented by the general formula (8), 
or the compound represented by the general formula (12) 
(Synthesis route 4). respectively to obtain the compound 
represented by the general formula (1). 

Synthesis route 2 
The compound represented by the general formula (20) 

which is obtained by etherifying the compound represented 
by the general formula (3) with MOM-Cl is coupled with the 
compound represented by the general formula (15) which is 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
obtained in the above-described synthesis route 1 in the 
presence of a Pd catalyst to obtain the compound repre 
sented by the general formula (21). 
The MOM group of the compound represented by the 

general formula (21) is eliminated under the acidic condi 
tions to obtain the compound represented by the general 
formula (22). The compound represented by the general 
fonnula (22) is esteri?ed or etheri?ed with the compound 
represented by the general formula (7) or the compound 
represented by the general formula (11) (Synthesis route 4), 
respectively to obtain the compound represented by the 
general formula (I), wherein A and B are the same group. 

Synthesis route 3 
The compound represented by the general formula (1) is 

coupled with the compound represented by the general 
formula (15) in the presence of a Pd catalyst to obtain the 
compound represented by the general formula (23). The 
MOM group of the compound represented by the general 
formula (23) is eliminated under the acidic conditions to 
obtain the compound represented by the general formula 
(24). 
The compound represented by the general formula (24) is 

esteri?ed or etheri?ed with the compound represented by the 
general formula (8) or the compound represented by the 
general formula (12). respectively, to obtain the compound 
represented by the general formula (I), wherein either A or 
B is a hydrogen atom. 

Synthesis route 4 
The commercially available compound represented by the 

general formula (9) is esteri?ed with the compound repre 
sented by the general formula (7) to obtain the compound 
represented by the general formula (11). Also, the compound 
represented by the general formula (10) is esteri?ed by the 
compound represented by the general formula (8) to obtain 
the compound represented by the general formula (12). 

EXAMPLES 

The following are illustrative examples of the present 
invention. However, the present invention is not intended to 
be limited to these examples. 

Additionally, the abbreviations described in the present 
examples indicate the following: 
GC; Gas chromatography 
HPLC; High-performance liquid chromatography 
TLC; Thin layer chromatography 
IR; Infrared absorption spectrum 
Mass; Mass spectrum 
b.p.; Boiling point 
mp.; Melting point 
GTO; Glass tube oven 

Y; Yield 

Example 1 

(a) The synthesis of 

Into a reactor, 40 g of p-bromophenol and 200 ml of DMF 
(dimethylforrnamide) were charged, to which 10 g of a 60% 
NaH (sodium hydride) were gradually added to give a 
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solution. To the solution, 18 g of methoxymethyl chloride 
were added dropwise with stirring at a temperature of 30° C. 
or lower, and reacted overnight at room temperature to give 
a reaction solution. The reaction solution was poured into 

water, extracted with benzene, washed with water, dried 
over sodium sulfate anhydride, and thereafter the solvent 
was evaporated and the residue was distilled under reduced 
pressure to give 38.4 g (Y., 79.3%) of 4-bromopheny meth 
oxymethyl ether. b.p.; 65°—67° C./0.6 mmHg GC; 99.4% 

(b) The synthesis of 

Into a reactor, 100 g of 1,2-di?uorobenzene and 350 ml of 
THF (tetrahydrofuran) were charged under an argon stream, 
to which 700 ml of a 1.6M C4H9Li (butyl lithium)/hexane 
solution were added dropwise with stirring at a temperature 
of —50° C. to -60° C. and stirred at the same temperature for 
1 hour to give a solution. Thereafter, 175 g of (CH3O)3B 
(trimethyl borate) were added dropwise. and stirred at the 
same temperature for 1 hour. 

The mixture was stirred overnight while reducing the 
temperature gradually to room temperature. Thereafter, the 
mixture was cooled to 0° C., to which a dilute hydrochloric 
acid was added to give a reaction solution. 

The reaction solution was extracted with toluene, washed 
with water, dried over sodium sulfate anhydride, and there 
after the solvent was evaporated and the crystallized residue 
was immersed into and washed with hot hexane to give 80.8 
g (Y., 56.6%) of 23-di?uorophenyl boronic acid. HPLC; 
99.5 % 

(c) The synthesis of 

CH3OCH2 — 0 

Into a reactor, 5. 1 g of Pd(PPh3)4 
(tetrakistriphenylphosphine palladium). 210 ml of a benzene 
solution of 33 g of 4-bromopheny methoxymethyl ether 
obtained in the above-described synthesis (a), 135 ml of a 
2M aqueous solution of Na2CO3. and 120 ml of an ethanol 
solution of 24 g of 2.3-di?uorophenyl boronic acid obtained 
in the above-described synthesis (b) were charged under an 
argon stream, and stirred for 6 hours under re?ux condition 
to give a reaction solution. The reaction solution was poured 
into water, extracted with toluene, washed with water, dried 
over sodium sulfate anhydride, and thereafter the solvent 
was evaporated and the residue was distilled under reduced 
pressure to give 20.1 g (Y., 53.6%) of 2.3-di?uoro-4' 
(methoxymethyl)biphenyl. b.p.; l10°-l20° C./0.25 mmHg 
GC; 96.0% 
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(d) The synthesis of 

HO 

Into a reactor, 20.1 g of 2,3-di?uoro-4'-(methoxymethyl) 
biphenyl obtained in the above-described synthesis (0), 60 
ml of THF, and 90 ml of a 6N-HCl were charged, and stirred 
for 3 hours under re?ux condition to give a reaction solution. 
The reaction solution was cooled, and thereafter extracted 
with toluene, washed with water, dried over sodium sulfate 
anhydride, and the solvent was evaporated and the residue 
was distilled under reduced pressure to give 9.0 g (Y., 
54.3%) of 2,3-di?uoro-4'-hydroxybiphenyl. b.p.; 160°-170° 
C./l8 rmnHg m.p.; 132°—134.4° C. GC; 99.7% 

(e) The synthesis of 

CH2=CHCOO 

Into a reactor, 4.0 g of 2,3-di?uoro-4'-hydroxybiphenyl 
obtained in the above-described synthesis ((1), 2.0 g of 
triethylarnine, and 300 ml of benzene were charged, to 
which a solution of 1.9 g of acryloyl chloride in 100 m1 of 
benzene was added dropwise, and stirred for 5 hours to give 
a reaction solution. The reaction solution was washed with 
a 3N-hydrochloric acid and then with water, and thereafter 
dried over sodium sulfate anhydride, and the solvent was 
evaporated and the residue was puri?ed by the silica gel 
column chromatography (eluent; toluene), and then recrys 
tallized from hexane to give 4.5 g (Y., 88.5%) of 2,3 
di?uorobiphenyl-4'-yl acrylate. mp; 88.4°-90.0° C. 

The purity of this material was 99.2% measured by GC, 
99.5% measured by HPLC, and 1 spot measured by TLC. 
Also, according to the results of the 1R measurement, the 
fact that a molecular ion peak was observed in 260 by the 
Mass analysis, and the types of the starting materials used, 
the resulting material was identi?ed as a marked material. 

Example 2 

(a) The synthesis of CH2=CHCOO(CH2)6Br 

Into a reactor, 30 g of 6-bromo-1-hexanol, 18.4 g of 
triethylamine, and 500 ml of benzene were charged, to 
which a solution of 16.5 g of acryloyl chloride in 200 ml of 
benzene was added dropwise, while stirring and cooling 
with ice, and stirred for 3 hours to give a reaction solution. 
The reaction solution was washed with a 3N-HCl and then 
with water, dried over sodium sulfate anhydride, and there 
after the solvent was evaporated and the residue was puri?ed 
by the silica gel column chromatography (eluent; toluene) to 
give 25.4 g (Y., 65.1%) of 6-bromohexyl acrylate. GC; 
95.9% 
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(b) The synthesis of 

Into a reactor. 4 g of 2.3-d.i?uoro-4'-hydroxybiphenyly 
obtained in the above-described synthesis (d) of Example 1. 
5.0 g of 6-bromohexyl acrylate obtained in the above 
described synthesis (a), 5.4 g of KQCO3 and 400 ml of 
2-butanone were charged, and further stirred and re?uxed 
for 28 hours to give a reaction solution. 

The reaction solution was poured into water. extracted 
with toluene, washed with water. dried over sodium sulfate 
anhydride, and thereafter the solvent was evaporated and the 
residue was puri?ed by the silica gel column chromatogra 
phy (eluent; toluene), and then recrystallized twice from 
hexane to give 5.35 g (Y., 76.5%) of 2.3-di?uoro-4’-[6 
(acryloyloxy)hexyloxy]biphenyl. m.p.; 45.6°-46.8° C. 
The purity of this material was 99.0% measured by GC. 

99.0% measured by HPLC. and 1 spot measured by TLC. 
Also. according to the results of the IR measurement. the 
fact that a molecular ion peak was observed in 360 by the 
Mass analysis. and the types of the starting materials used, 
the resulting material was identi?ed as a marked material. 

Example 3 

(a) The synthesis of CH2=CHCOO(CH2)12Br 
The same procedure as in the synthesis (a) of Example 2 

was repeated except that 44.0 g of 12-bromo-1-dodecanol 
were used instead of 30 g of 6-bromo-1-hexanol to give 39.8 
g (Y., 75.1%) of 12-bromododecyl acrylate. 

(b) The synthesis of 

The same procedure as in the synthesis (b) of Example 2 
was repeated except that 6.7 g of l2-bromododecyl acrylate 
were used instead of 5.0 g of 6-bromohexyl acrylate to give 
2.1 g (Y., 24.1%) of 2.3-di?uoro-4'-[ l2-(acryloyloxy) 
dodecyloxy]biphenyl. m.p.; 59.7°—60.7° C. 
The purity of this material was 99.4% measured by 

HPLC. and 1 spot measured by TLC. Also. according to the 
results of the IR measurement. the fact that a molecular ion 
peak was observed in 444 by Mass analysis. and the types 
of the starting materials used. the resulting material was 
identi?ed as a marked material. 

Example 4 

(a) The synthesis of 

In a reactor. 10.0 g of 4-bromophenol. 7.95 g of ethylene 
bromohydrin. 16.0 g of K2CO3. and 300 ml of acetone were 
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charged, and stirred and re?uxed for 50 hours to give a 
reaction solution. The reaction solution was poured into 
water, extracted with toluene, washed with water, and there 
after dried over sodium sulfate anhydride, and the solvent 
was evaporated and the residue was distilled under reduced 
pressure in GT0 (glass tube oven) to give 5.55 g (Y., 44.3%) 
of 1-bromo-4-(2-hydroxyethoxy)benzene. GC; 96.8% b.p.; 
100° C./0.1 mmHg (which was the prescribed temperature 
of GTO) 

(b) The synthesis of 

Into a reactor. a solution of 5.0 g of 4-(2-hydroxyethy1) 
oxy-bromobenzene in 150 ml of benzene, 7.2 g of 2,3 
di?uorophenyl boronic acid obtained in the synthesis (b) of 
Example 1. 68 ml of a 2M aqueous solution of Na2CO3. and 
1.0 g of Pd(PPh3)4 were charged. and stirred and re?uxed for 
9 hours to give a reaction solution. The reaction solution was 

poured into water, extracted with toluene. washed with 
water. dried over sodium sulfate anhydride, and thereafter 
the solvent was evaporated and the residue was distilled 
under reduced pressure in GT0. and recrystallized from an 
ethanol/hexane (=1/ 1) mixed solvent to give 4.2 g (Y., 
72.7%) of 2.3-di?uoro-4‘-(2-hydroxyethoxy)biphenyl. 

(c) The synthesis of 

Into a reactor, 2.0 g of 2,3-di?uoro-4'-(2~hydroxyethoxy) 
biphenyl obtained in the above-described synthesis (b), 0.9 
g of triethylamine, and 300 rnl of diethylether were charged, 
to which a solution of 0.8 g of acryloyl chloride in 100 ml 
of diethylether was added dropwise, while stirring and 
cooling with ice, and stirred for 4 hours to give a reaction 
solution. The reaction solution was washed with a dilute 
hydrochloric acid and then with Water, dried over sodium 
sulfate anhydride, and thereafter the solvent was evaporated 
and the residue was puri?ed by the silica gel column 
chromatography (eluent; toluene) to give 0.72 g (Y., 29.6%) 
of 2.3-di?uoro-4'- [2-(acryloyloxy)ethoxy]biphenyl. m.p.; 
47.4°-50.1° C. 

The purity of this material was 99.4% measured by 
HPLC, and 1 spot measured by TLC. Also. according to the 
results of the IR measurement. the fact that a molecular ion 
peak was observed in 304 by the Mass analysis. and the 
types of the starting materials used. the resulting material 
was identi?ed as a marked material. 
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Example 5 

(a) The synthesis of 

F F F F 

Into a reactor, 2.1 g of Pd(PPh3)4, a solution of 11.6 g of 
l-bromo-2,3-di?uorobenzene in 100 ml of benzene, 60 m1 of 
a 2M aqueous solution of Na2CO3, and a solution of 13.3 g 
of 2.3-di?uorophenyl boronic acid obtained in the synthesis 
(b) of Example 1 in 100 ml of ethanol were charged under 
an argon stream, and stirred for 6 hours under re?ux con 
dition to give a reaction solution. The reaction solution was 
washed with a dilute hydrochloric acid and then with water, 
dried over sodium sulfate anhydride, and the solvent was 
evaporated and the residue was distilled under reduced 
pressure to give 5.7 g (Y., 42%) of 2,2',3,3' 
tetra?uorobiphenyl. 

(b) The synthesis of 

F F F F 

HO OH 

Into a reactor, 5.7 g of 2,2',3,3'-tetra?uorobiphenyl 
obtained in the above-described synthesis (a), and 50 m1 of 
THF were charged under an argon stream, to which 38 ml of 
a 1.6M C4H9Li/hexane solution were added dropwise at a 
temperature of -50° C. or lower, and stirred at the same 
temperature for 2 hours, to which 10 g of (CH3O)3B 
(trimethyl borate) were added dropwise, and heated gradu 
ally to room temperature, and stirred overnight. 
To the reactor. a dilute sulfuric acid was added and stirred 

for 1 hour, and thereafter extracted with an ether, washed 
with water, dried over sodium sulfate anhydride, and the 
solvent was evaporated and recover the residue. To the 
residue, hexane was added, and then immersed and washed 
to give a crystal, to which 50 ml of THF were added to 
dissolve, followed by the addition of 40 m1 of a 10% 
aqueous H2O2 solution. This mixture was then stirred over 
night at room temperature to give a reaction solution. The 
reaction solution was extracted by the addition of toluene, 
washed with water, dehydrated with sodium sulfate 
anhydride, and thereafter the solvent was evaporated and 
recover the residue (4.3 g of the crude 2,2',3,3'-tetra?uoro 
4,4‘-dihydroxybiphenyl). GC; 92% 

(c) The synthesis of CH2=CHCOO(CH2)8Br 
The same procedure as in the synthesis (a) of Example 2 

was repeated except that 34.7 g of 8-bromo- l-octanol were 
used instead of 30 g of 6-bromo-l-hexanol to give 34. l g (Y., 
78%) of 8-acryloy1oxy-1-bromooctane. GC; 97% 

(d) The synthesis of 

F FF F 

Into a reactor, 4.3 g of the crude 2,2'.3.3'-tetra?uoro-4.4‘ 
dihydroxybiphenyl obtained in the above-described synthe 
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sis (b), 10.0 g of 8-acryloyloxy-1-bromooctane obtained in 
the above-described synthesis (c), 7.8 g of K2CO3, and 30 
ml of acetone were charged, and re?uxed and stirred for 16 
hours to give a reaction solution. 

The reaction solution was ?ltered through a ?lter aid 
(High?ow) to give a ?itrate, to which toluene was added, 
and washed with water, dried over sodium sulfate anhydride, 
and thereafter the solvent was evaporated and the residue 
was puri?ed twice by the silica-gel column chromatography 
(eluent; toluene/ethyl acetate=20/1), and then recrystallized 
from acetone to give 1.28 g (Y., 12.9%) of 4,4'-bis[8 
(acryloyloxy)octyloxy]-2,2',3,3‘-tetra?uorobiphenyl. rn.p.; 
60.5°—61.4° C. 

The purity of this material was 99.7% measured by 
HPLC, and 1 spot measured by TLC. Also, according to the 
results of the 1R measurement, the fact that a molecular ion 
peak was observed in 622 by Mass analysis, and the types 
of the starting materials used, the resulting material was 
identi?ed as a marked material. 

Example 6 

(a) The synthesis of 

CH3OCH2 — 0 

The same procedure as in the synthesis (a) of Example 1 
was repeated except that 30 g of 2,3-di?uoropheno1 were 
used instead of 40 g of p-bromophenol to give 32.6 g (Y., 
81.4%) of methoxymethyl-2,3-di?uorophenyl ether. GC; 
99.6% b.p.; 82°—84° C./14 mmHg 

(b) The synthesis of 

CH3OCH2—O 13(011), 

The same procedure as in the synthesis (b) of Example 1 
was repeated except that 152.2 g of methoxymethyl-2,3 
di?uorophenyl ether obtained in the above-described syn 
thesis (a) were used instead of 100 g of 1,2-di?uorobenzene 
to give 150.6 g (Y., 78.8%) of 2,3-di?uoro-4 
(methoxymethoxy)phenyl boronic acid. HPLC; 97.4% 

(c) The synthesis of 

CHgOCHz-O O —CHzOCH3 

The same procedure as in the synthesis (0) of Example 1 
was repeated except that 32.7 g of 2,3-di?uoro-4 
(methoxymethyl)oxyphenyl boronic acid obtained in the 
above-described synthesis (b) were used instead of 24 g of 
2.3-difluorophenyl boronic acid to give 23.4 g (Y.. 95.0%) of 
2,3-di?uoro-4,4'-bis(methoxymethoxy)biphenyl. GC; 96% 
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(d) The synthesis of 

HO OH 

The same procedure as in the synthesis (d) of Example 1 
was repeated up to the distillation step of the solvent except 
that 24.2 g of 2,3-difluoro-4, 4'-bis(methoxymethoxy) 
biphenyl obtained in the above-described synthesis (c) were 
used instead of 20.1 g of 2.3-di?uoro-4'-(methoxymethoxy) 
biphenyl to give 17 g of the residue (the crude 2.3 
di?uoro-4, 4'-dihydroxybiphenyl). 

(e) The synthesis of 

F F 

The same procedure as in the synthesis (d) of Example 1 
was repeated except that 3.6 g of the crude 2.3-di?u0ro-4. 
4'-dihydroxybiphenyl obtained in the above-described syn 
thesis (d) were used instead of 4.3 g of 2.2‘.3,3'-tetra?uoro 
4.4'-dihydroxybiphenyl to give 1.0 g (Y.. 10.5%) of 4.4'-bis 
[8-(acryloyloxy)octyloxy]-2,3-di?uorobiphenyl. m.p.; 
liquid at room temperature 
The purity of this material was 99.0% measured by 

HPLC, and 1 spot measured by TLC. Also, according to the 
results of the IR measurement. the fact that the molecular ion 
peak was observed in 586 by the Mass analysis. and the 
types of the starting materials used, the resulting material 
was identi?ed as a marked material. 

Example 7 

(a) The synthesis of 

The same procedure as in the synthesis (a) of Example 1 
was repeated except that 43.9 g of 2-?uoro-4-bromophenol 
were used instead of 40 g of p-bromophenol to give 46.7 g 
(Y.. 86.4%) of methoxymethy 4-bromo-2-?uorophenyl 
ether. GC; 97.2% b.p.; 118°-120° C./ 14 mmHg 

(b) The synthesis of 

Into a reactor. 8 g of Mg. and a small number of iodine 
pieces were charged. to which a solution of 66 g of meth 
oxymethy 4-bromo-2-?uorophenyl ether obtained in the 
above-described synthesis (a) in 300 ml of THF was added 
dropwise (if necessary, heated) in a small amount to com 
mence the reaction. Thereafter. the remaining THF solution 
was added dropwise to the reactor while stirring and re?ux 
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ing. After the termination of the dropwise addition, the 
solution was further stirred and re?uxed for 4 hours to 
prepare a Grignard reagent. 

Into the other reactor, 54 g of (CH3O)3B and 200 ml of 
THF were charged. to which the Grignard reagent previ 
ously prepared was added dropwise while stirring at a 
temperature of 0° C. or lower, and gradually heated to room 
temperature, and thereafter stirred overnight to give a reac 
tion solution. The reaction solution was poured into a dilute 
sulfuric acid, extracted with an ether, washed with a cold 
water, dried over sodium sulfate anhydride. and the solvent 
was evaporated and the residue was immersed into and 
washed with hexane to give 47.2 g (Y., 84.0%) of 3-?uoro 
4-(methoxymethoxy)phenyl boronic acid. HPLC; 88.8% 

(c) The synthesis of 

F F 

The same procedure as in the synthesis (c) of Example 1 
was repeated except that 30 g of 3-?uoro-4 
(methoxymethoxy)phenyl boronic acid obtained in the 
above-described synthesis (b) were used instead of 24 g of 
2,3-di?uorophenyl boronic acid, and 35.3 g of methoxym 
ethyl 4-bromo-2-?uorophenyl ether obtained in the above 
described synthesis (a) were used instead of 33 g of 
methoxymethyl~4-bromophenylether to give 31.9 g (Y.. 
68.7%) of 3.3'-di?uoro-4,4'-bis(methoxymethoxy)biphenyl. 
GC; 99% mp. 76.3°-77.3° C. 

(d) The synthesis of 

F F 

HO OH 

The same procedure as in the synthesis (d) of Example 1 
was repeated except that 24 g of 3,3'-di?uoro-4,4'-bis 
(methoxymethoxy)bipheny1 obtained in the above-described 
synthesis (c) were used instead of 20.1 g of 2,3-di?uoro-4‘ 
(methoxymethoxy)biphenyl to give 17.0 g (Y.. 98%) of the 
crude 3,3'-di?uoro-4.4'-dihydroxybiphenyl GC; 99.6% 

(e) The synthesis of 

F F 

The same procedure as in the synthesis (d) of Example 5 
was repeated except that 3.6 g of the crude 3.3'-di?uoro-4, 
4‘-dihydroxybiphenyl obtained in the above-described syn 
thesis (d) were used instead of 4.3 g of 2.2',3.3'-tetra?uoro 
4.4'-dihydroxybiphenyl to give 0.34 g (Y.. 3.6%) of 3,3‘ 
di?uoro-4,4'-bis[8-(acryloyloxy)octyloxy]biphenyl. m.p.; 
56.1°-57.9° C. 
The purity of this material was 99.5% measured by 

HPLC. and 1 spot measured by TLC. Also, according to the 
results of the IR measurement. the fact that a molecular ion 
peak was observed in 586 by the Mass analysis. and the 
types of the starting materials used. the resulting material 
was identi?ed as the marked material. 
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Example 8 

(a) The synthesis of 

F F F 

CHgOCHz-O O —CH2OCH3 

The same procedm'e as in the synthesis (0) of Example 1 
was repeated except that 32.7 g of 2,3-di?uoro-4 
(methoxymethoxy)phenyl boronic acid obtained in the syn 
thesis (b) of Example 6 were used instead of 24 g of 
2.3-di?uorophenyl boronic acid, and 35.7 g of methoxym 
ethyl 4-bromo-2-?uorophenyl ether obtained in the synthe 
sis (a) of Example 7 were used instead of 33 g of meth 
oxymethyl 4-bromophenyl ether to give 20.5 g (Y., 50%) of 
2,3,3'-t1i?uoro-4,4‘-bis(methoxymethoxy)biphenyl. GC; 
95% 

(b) The synthesis of 

F F F 

HO OH 

The same procedure as in the synthesis (d) of Example 1 
was repeated up to the distillation step of the solvent except 
that 21.7 g of 2,3,3'-tri?uoro-4,4'-bis(methoxymethoxy) 
biphenyl obtained in the above-described synthesis (a) were 
used instead of 20.1 g of 2,3-di?uoro-4'-(methoxymethoxy) 
biphenyl to give 14.7 g of the crude 2,3,3'-tri?uoro-4,4' 
dihydroxybiphenyl. 

(c) The synthesis of 

F F F 

The same procedure as in the synthesis (d) of Example 5 
was repeated except that 3.4 g of the crude 2,3.3'-tri?uoro 
4.4'-dihydroxybiphenyl obtained in the above-described 
synthesis (b) were used instead of 4.3 g of 2,2',3,3' 
tetra?uoro-4,4'-dihydroxybiphenyl to give 9 g (Y., 90%) of 
2.3 .3'-tri?uoro-4,4'-bis[8-(acryloyloxy)octyloxy]biphenyl. 
m.p,; liquid at room temperature 
The purity of this material was 99% measured by HPLC, 

and 1 spot measured by TLC. Also, according to the results 
of the IR measurement, the fact that a molecular ion peak 
was observed in 604 by the Mass analysis, and the types of 
the starting materials used. the resulting material was iden 
ti?ed as a marked material. 

Examples 9-13 

(The liquid crystal display elements using a monofunctional 
liquid crystal polymeric material) 
A cell was prepared using 1.1 mm glass substrates having 

II‘O (a mixture of indium oxide and tin oxide; having a 
thickness of 500 angstrom) transparent electrodes while 
maintaining a 5 pm gap with a spacer. On one side of the cell 
thus prepared. the photo-mask 3 was disposed as shown in 
FIG. 5. Moreover. a uniform mixture of 0.65 g of stearyl 
acrylate. 0.15 g of 1,4-butanediol acrylate. 0.10 g of styrene, 
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O. 10 g of the polymeric compound X shown in Table 1, 13.3 
g of a liquid crystal material, ZLI-4792 (manufactured by 
Merck, Inc.; An=0.094), and 0.04 g of a photoinitiator 
(Irgacure 651) was injected into the cell by a capillary tube. 

TABLE 1 

Compound X Value of 11 Example No. 

F F 12 8 
6 9 

CH2=CHCOO(CH2),,—O ‘2* ill) 
0 12 

Then, while impressing a :4 V electric voltage between 
the transparent electrodes, the cell was irradiated with a 
parallel light from a high pressure mercury lamp at a rate of 
10 mW/cm2 at 100° C. for 8 minutes (‘The ultraviolet ray 
was irradiated to create a spatially regular pattern to the 
cell). 

Then, the cell was gradually cooled to 25° C. (at which the 
liquid crystal was in a nematic state) at a rate of 10° C./hr. 
while impressing an electric voltage, and further irradiated 
continuously with the ultraviolet ray for 3 minutes to cure 
the resin to prepare a liquid crystal display element. 
When the resulting element was observed by a polariza 

tion microscope, it was observed that the liquid crystal 
regions 20 were formed in the portions corresponding to the 
photo-mask and that the liquid crystal molecules were 
spirally oriented around a central axis which was located in 
the center of the liquid crystal region, as shown in FIG. 6. 
A polarizing plate was attached to each substrate of the cell 
so that they were at a right angle to each other. FIGS. 7A-7F 
show the electrooptical characteristics of the cell obtained in 
Example 11. The electrooptical characteristics of the cells 
obtained in other examples (Examples 9, 10, 12 and 13) 
generally showed the same trend as those shown in FIGS. 
7A-7F. 
The generation of disclination lines was substantially 

perfectly controlled in the cells of Examples 9-11, but a few 
disclination lines were generated in the cells of Examples 12 
and 13. The transmittance of the cell of Example 9 in the 
absence of an electric voltage was signi?cantly reduced as 
illustrated in Table 2. The higher the number of n in the 
general formula (I), the larger the transmittance of the cell. 

TABLE 2 

Example Example Example Example Example 
9 1O 11 12 13 

Trans- 37 48 51 55 52 
mit‘tance 
inthe 
absence of 
an electric 

voltage (%) 

Examples 14-17 

(The liquid crystal display elements using a bifunctional 
liquid crystal polymeric material) 
On a cell prepared by the same procedure as in Examples 

9-13, a photo-mask was disposed in the same manner as in 
Examples 9-13. Moreover, a uniform mixture of 0.75 g of 
stearyl acrylate, 0.10 g of styrene, 0.15 g of the polymeric 
compound Y shown in Table 3, 13.3 g of a liquid crystal 
material, ZLI-4792 (manufactured by Merck. Inc.; 








